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A  Concrete Culvert.
Before entering into the especial 
subject for w hich this paper is intended, 
it is, perhaps, best to give 
a few prefatory remarks, as to 
w hat Concrete really is, the method 
and m anner o f its form ation 
and it application in foundations 
and engineering structures.
Concrete m ay be defined as a 
species o f artificial stone.
Its ingredients m ay be classified 
into tw o parts, viz:
F irs t the m atrix w hich is either 
lime or cement, or a m ixture o f 
both.
Second, the aggregate consisting 
o f small broken stone gravel, broken 
bricks, shells, etc.
The usual proportions in forming 
concrete is to every volume 
of cement mortar, add five 
volumes of small broken stone; 
although one or two volumes of 
clean small gravel and sharp sand 
may be advantageously employed 
as part of the aggregate.
The mortar incorporated into the 
broken stone, pebbles, etc, is divided 
into two distinct classes:
1. Common or atmospheric setting 
mortar
2. Either atmospheric or hydraulic 
setting mortar.
The first class is that of common 
lime mortar, such as is 
used in plastering buildings and 
in laying foundations above water
or out of saturated soils.
The second class of mortar is not 
only used in all such places as 
the first class, but has the very 
particular property of setting and 
hardening under water.
All mortars having the property 
of hardening under water are 
termed hydraulic mortars.
It is the second or latter 
classification to which this paper 
will be confined.
Whilst aiming not to depart too 
far from our original theme, it 
may not be deemed out of place 
here to touch upon the chemistry 
of the two most important 
and universally known hydraulic 





As to quality and price they rank 
in the order named.
The ancient Romans used a sort 
of natural cement — though they 
were totally ignorant of the art of 
manufacturing cement by roasting 
certain lime stones to confer the 
principle of hydraulicity into the roasted 
product.
This principle, of certain burned 
lime stones, when ground to powder 
and deposited under water, and 
found to harden, was discovered 
by Vicat, a Frenchman about 1818.
Portland cement was first 
manufactured in England in 1843.
It derived its name from the 
close resemblance of its hardened 
mortar, to a certain stone found 
off the south coast of England in 
the isle of Portland.
The following is an analysis of















The ingredients of Portland cement 
as given in the above analysis, 
whether naturally or artificially 
mixed, are calcined in suitable 
kilns at a very intense heat, much 
higher than the temperature of ordinary 
limes-kilns, for a considerable 
time, until all or nearly all 
of the alumina and silica of the 
clay combines with a portion of 
the lime. By this long continued 
reduction process by heat, the 
calcined or burned product does not 
contain any dead or inert alumina 
and silica, it being all combined 
with the lime, thereby forming 
a double silicate of alumina and 
lime, thus inducing hydraulic 
energy to a very high degree.
1However, it must be borne in 
mind, that the chemical change taking 
place in the hardening of cements 
and mortars is still a question 
of much controversy and doubt.
Rosendale, the second class of 
hydraulic cements, is strictly an 
American type, and is very 
extensively used throughout the 
United States.
Rosendale cement took its name 
from the little town Rosendale, in 
Ulster County New York, where the 
cement stone was first discovered.
The composition of Rosendale 
cement is principally the same as 
that of Portland — the constituents 
however varying to a certain 
extent, while the stone contains some
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impurities which are somewhat 
deleterious to the hydraulicity of 
the cement.
Rosendale cement is burned for 
a long while, and the raw material 
is subjected to similar chemical 
changes due to heat, as in 
the case of Portland cement.
All cements after having passed 
through the ordeal of fire, are 
ground to a very fine powder 
between mill-stones or heavy steel 
rollers.
The ground product should be 
susceptible of passing through a 
wire sieve containing 2500 meshes 
or holes per square inch, and 
should not leave a residue on 
the sieve of over 10% cement by weight.
Fineness should be a quality of all 
good cements — although the 
fineness in itself does not imply 
that the cement is good.
To form concrete the dry cement 
is thoroughly incorporated with 
dry sand, after which water is then 
gradually added to reduce the 
cement and sand to a semifluid 
paste, or mortar, broken stone is 
then added in the requisite 
proportion, the broken stone having 
first been thoroughly wetted, the 
whole mass is now turned over 
in the mortar box some three 
or four times with shovels -- 
the concrete is then ready for 
use.
The concrete when made must
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be used immediately before it begins 
to set or harden.
The uses of concrete are numerous, 
indeed.
It ranks next to iron and steel 
with the civil engineer, and to brick 
and stone with the architect.
The most elaborate hotels of Florida 
with other buildings are constructed 
entirely of concrete.
The giant piers which stand forth 
as great bulwarks of strength, from 
the bottom of the rivers and the prongs 
of the sea, over which the commerce 
of a nation is borne, with safety and 
with pride, rest on concrete 
foundations.
As a passing reflection it may 
be asked, what is it so wonderful
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that man has accomplished in 
the discovery of the art of manufacturing 
such an insignificant 
thing as concrete?
It is this: man in his ephemeral 
existence can manufacture solid rock 
in a few hours, which requires the 
activities of nature millions of years 
to duplicate!
Returning now to the real obj ect 
of this paper, it has been noticed 
that concrete has in many instances 
taken the place of stone or brick 
in certain classes of work; and it 
is here proposed to substitute 
concrete in full in the building of Railway 
and Highway culverts.
This idea, I believe is new, and 
has never before been advanced.
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The points appearing to favor the 
building of concrete culverts from 
an economical point of view, are:—
1. The expense in obtaining stone 
and crushing it from concrete, is much 
less, than the coast of quarrying and 
dressing suitable building stone for 
culverts.
2. In places where gravel is abundant, 
and no building stone near 
concrete culverts can be more cheaply 
constructed than any other now- 
perishable culverts.
The first precaution in building 
cement or rather concrete culverts, as 
in the case of all kinds of masonry 
is to secure a good foundation.
Although I believe a concrete culvert 
can be built in a lasting manner
in such places that if stone culverts 
were built they would soon give way 
by the sinking of the soil under the 
foundation, and thus, ruin the culvert; 
where the cement structure 
would all be held to gether, and would 
likely stand and do duty in an 
inclined position.
In constructing a concrete culvert 
it will be necessary to have a wooden 
casing of thick planks, the thickness 
and shape of the walls and wings of 
the culvert, for the purpose of holding 
the concrete in place. The wooden 
casing to be built up as the work progresses, 
and when the culvert is completed 
and the concrete hardened sufficiently 
this auxiliary wood work can 
be removed and used on a similar culvert.
14.
There can be no doubt but what 
concrete culverts can be built in 
any of the common arched forms 
that are built by masonry, and 
would give, perhaps, as good results 
as the masonry itself, provided the 
span be not too great.
The laws in regard to the external 
force acting on the concrete 
arch would be the same and treated 
the same as that in the ordinary 
stone arch. The line of resistance 
should also not lie outside 
of the middle third of the 
arch-ring.
Only one form of culvert will be 
considered; this form appears to be 
different from any kind heretofore 
constructed. A section at
15
right angles to the transverse axis 
of the culvert is triangular.
Further observation of the section 
as shown by the following diagram, 
discloses the nucleus of 
form to be that of an equilateral 
triangle.
One side of the 
triangle as A. B. forms 
the base or floor
of the culvert, and Fig. 1
the other two sides
of the triangle A C.
and B C. forms the
sides or roof of the culvert.
This form for a culvert appears very 
unique from the fact that the triangle 
is known to bridge engineers as the 
“truss element”-- it being the only
closed figure that exists, whose 
form can not be altered without 
altering the length of its sides.
This form of culvert appears to 
guarantee great strength, and the 
transverse or tensile strength of the 
cement is fully utilized before failure.
The writer made a rough model 
of adamantine cement, having a five 
inch triangle for a nucleus. The thin 
part of each side was about lA of an 
inch thick; the section was five inches 
long and the model was placed in 
a square box about 15” on the sides, 
encased in on all sides with common 
earth about 6 inches deep firmly 
tamped. A leverage, was formed 
similar to that employed in the old 
fashioned cider mills, and weights
17
applied at the end of the lever, until 
the model gave way.
It took a force of over 1300 lbs. 
to crush the model. Just how this 
force was distributed and what part 
came on the model it is difficult 
to tell.
Every thing being very crude in 
carrying out the experiment no definite 
data could be obtained, excepting 
that it took a certain amount of 
force to crush the model, and that 
force appeared considerable, considering 
the thickness of the cement sides 
of the model.
It appeared that one of the sides 
gave way first in the model, although 
this is not definitely known 
since the whole model was completely wrecked.
From my own observation it 
appears that the greatest pressure on 
an arch is at the crown, in culverts 
of small span, due to vertical 
pressure. If this be true the 
triangular shaped culvert, is the best 
form, because the sides of the triangle 
form two braced posts, and 
if the feet of the two sides of the 
triangle approach each other until 
they touch or become coincident 
we have a vertical post, which 
is the most stable of all forms 
to carry or resist a vertical force.
On the other hand if the feet of 
the triangle diverge from the center, 
uniformly, a beam is reached in 
the limit, which is the most unstable 
form for resisting vertical forces.
19.
I am inclined to think that if 
experiments are carried out in 
a concise and systematic manner, 
this type of culvert will be 
found to fulfill most conditions 
necessary for an ideal Railway and 
Highway culvert.
The line of resistance may be found 
in a similar manner as in the 
true arched type of ordinary culverts.
It is impossible for the triangular 
form of culvert to fail at the top 
vertex or crown, as may often be 
the case in the regular arched culvert. 
The model already refferred 
to did not fail at the crown; in 
fact it did not fail at any angle 
but the sides appeared to give way 
first. We must then look for failure
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in the sides, and it would be 
reasonable to suppose failure would 
more often occur at the middle 
point on the sides, than at any other 
place. This position of failure closely 
resembles the line of weakness, running 
transversely through the ordinary 
arched culvert.
If this place of weakness be made 
thick and strong enough to resist 
the maximum thrust that would 
ever come upon it — then the culvert 
may with confidence be considered 
safe, provided the other parts have 
been proportionally increased.
Should failure then occur after 
this precaution, the mid-point of 
the side is still the place of 
weakness -- and the failure would
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either be due to defective cement or 
to an error in approximating 
the thrust at that point.
It appears from the foregoing that 
an arch or culvert of this triangular 
form, has greater simplicity over the 
true arch.
The whole problem or case appears to 
reduce itself to the simple fact:
The line of greatest weakness is known. 
and if the proper precaution is taken 
to make safe this line of weakness 
and the other portions of culvert increased 
accordingly -- the structure can be relied 
upon as safe.
The maximum crown thrust can 
be computed as set forth in “Baker’s 
Treatise on Masonry” § 679 p.p. 455.
After finding the maximum thrust
Fig. 2
it can be laid off to 
scale horizontally as P.M. 
and the vertical and horizontal 
forces drawn to 
scale in the manner
and direction of their action; the lines Fi 
F2 etc represent the intensity and direction 
of the resultant forces. The line of
23.
resistance may be drawn by producing 
the horizontal thrust at U to intersect 
the oblique force g, and then draw through 
those lines of intersection a line parallel to 
the radial line Ri, though the pole P., 
until it intersects g2, then through this 
latter point of intersection draw a line 
parallel to R2 etc.
Then joining the points (O)s at the 
imaginary concrete j oints will be the “line 
of resistance”.
In the above case the horizontal 
thrust T is taken in the lower middle 
third of the arch ring.
In dimensioning or drawing a 
cross-section of culvert as in Fig 1.
First construct the equilateral triangle 
A B C .  Then with centers at A, B, and C 
and with a radius equal to the
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perpendicular of the triangle describe the 
three arcs tangent to the three sides 
of the triangle. Then with centers A, B. 
and C as before, and radius CD, describe 
the three small arcs at the exterior 
corners of the triangle, then draw the 
three tangents to these three small arcs, 
the tangents will evidently be parallel 
to the sides of the triangle ABC.
It appears from calculation that 
these relations will hold good, and 
give ample strength for the walls of 
the culvert, when the size of the triangle 
ABC is varied to any degree.
There is one modification, however, 
which is apparent to make — the crown 
need not have the proportion as given 
by the above construction -- for of that 
dimension it is superfluous in strength
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and wasteful in material. It is 
proposed to further round the crown 
as shown in Fig. 2, by the dotted 
curved line Sg2. This modification is 
made thus; with O as a center and Og2 as 
a radius (which is the perpendicular from 
O on the exterior line g2 g3 etc) describe 
the arc g20. Should this form of 
culvert get into general use, it is likely 
that after practical experience with 
the same, other modifications could 
advantageously be made.
It is easily shown by the differential 
calculus, that the maximum rectangle 
inscribed in any triangle is equal 
to V2 the base by V2 the altitude of the 
triangle. And if the triangle be equilateral 
the maximum rectangle is % bh; but
h in terms of the side of the triangle is ~ V3
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where a is equal to the length of a side 
of the triangle ••• a = b, substituting the 
values of h and b in terms of a
Max. a
By graphical construction it is seen 
that the area way of the form of 
culvert under consideration is a close 
approximation (leaving out of consideration 
the acute upper area of the culvert) 
to the above result. For the best form 
of cross section for the area way 
of culverts the breadth of the culvert 
must always be greater than the height.
On the contrary however, most 
designs are exactly opposite.
The triangular form is especially 
adapted of discharging sudden 
accumulations of water caused by floods 
in the shortest time, on account of
its peculiar area way. It being 
very broad at the bottom and the 
water cannot accumulate and back 
up as in the case of an area way 
where the height is greater than the 
breadth.
Referring to Baker’s “standard arch 
culvert, as given in his “Treatise on 
Masonry” and comparing the cost of 
a stone culvert of that special form, 
with one of the same area, 
triangular shaped, made entirely of 
concrete, quite a striking contrast 
as to cost is seen, and the latter 
type possesses the merits of economy 
to a high percent over the former.
From Table 58 pp. 438 it is seen 
that a 12’ culvert 20’ long costs 
complete $900.00 in round numbers.
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The area way of this culvert is 93 
square feet.
By taking a culvert of the 
triangular form of same area with 
wings 10’ long composed entirely of 
concrete with its traverse length 20’ 
the result, is tabulated, to wit: —
80 cu yds concrete @ $6.00..... $480.00
Excavating @ .25 0 16.00
Temporary timbering 60.00
Total cost $556.00
The concrete is $6.00 per cu.yd. complete, 
which includes furnishing all materials, 
mixing, laying etc. This is taken 
higher than the average.
The cost of the timber which is used 
as the temporary casing for molding 
the form of the culvert, is not included 
for the reason that the timber
29.
can most all be used over again on 
another structure, and there is but 
little waste. The item of $60.00 includes 
this waste of timber and the costs 
of erecting and tearing away the 
temporary shell.
The masonry in the footings is not 
included in the total cost as given 
in the table on p.p. 438 Bakers Treatise 
on Masonry; and hence the cost 
would exceed $900.00.
Comparing the two costs; —
7^7 = .62% nearly
900.J
Thus a concrete culvert of the same 
capacity as a stone culvert of standard 
form, can be built at a cost of .38% 
less at what the masonry culvert will 
cost.
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Specifications for concrete to be 
used in building concrete culverts.
The concrete to be composed of 5 
parts, by measure, of broken stone, 
to 2 parts of sand, and to 1 part 
of cement.
The stone shall be of hard-ledge lime 
stone, broken to pass through a ring, 
at their greatest dimensions, 2 XA inches 
in diameter. If necessary the stone 
shall be screened to remove the dirt 
and finer particles of rotten stone, and 
shall be thoroughly wetted before being 
used.
The cement shall be fresh ground, 
and shall be tested, and will be 
required to stand a tensile strain of 50 
lbs per. sq. inch twenty four hours 
after mixing.
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The sand shall be clean, sharp, and 
coarse; if necessary it must be screened.
The concrete shall be mixed in suitable 
wooden boxes, and shall be formed 
by first thoroughly mixing the sand 
and cement together, dry, in the proper 
proportions; clean water shall be added 
then in sufficient quantity to give the 
mortar a proper consistency. The stones 
(which are to be wet) and the mortar shall 
be then thoroughly and rapidly mixed 
together in the box with shovels, and 
the mass turned over until every stone 
is completely covered with mortar.
The concrete shall when mixed be quickly 
carried to its proper place on the work 
in boxes or wheel-barrows, and deposited 
in mass without scattering. In no case 
will it be thrown off shovels. Concrete in
32.
place shall be rammed until mortar 
flushes to the surface.
No concrete shall be used after it 
has begun to set.
After the concrete has been placed 
on the work, care shall be taken not 
to disturb it until it is thoroughly set.
No concrete shall be laid at all, 
when the temperature at any time 
during the day or night falls below 
35° Fahrenheit.
Respect. Submitted
Rolla, Mo.
June 8. 1892.
Fayette A. Jones.
